Negative anticipatory contrast (NAC) corresponds to the suppression in consumption of a first rewarding substance (e.g., saccharin 0.15%) when it is followed daily by a second preferred substance (e.g., sucrose 32%). The NAC has been interpreted as resulting from anticipation of the impending preferred reward and its comparison with the currently available first reward [Flaherty, C.F., Rowan, G.A., 1985. Anticipatory contrast: within-subjects analysis. Anim. Learn. Behav. 13, 2-5]. In this context, one should expect that devaluation of the preferred substance after the establishment of the NAC would either reduce or abolish the contrast effect. However, contrary to this prediction, the results of the present study show that the NAC is insensitive to devaluation of the second, preferred, substance. This allows one to question that interpretation. The results reported in this study support the view that the NAC effect is controlled by memory of the relative value of the first solution, which is updated daily by means of both a gustatory and/or post-ingestive comparison of the first and second solutions, and memory of past pairings.
Introduction
Incentive contrast corresponds to an increment in the difference between values of rewards when they are experienced in temporal contiguity (Flaherty, 1982) . Thus, presentation of two or more different substances leads to either increased or decreased instrumental response or consumption towards one compared to that seen when they are presented either alone, unpaired with other substances or paired with a substance with the same value. The relative increase or decrease of response apparently results from comparison of their hedonic and/or nutritive values.
The contrast effect has been investigated using four major types of experimental arrangements, named (1) behavioral contrast (Reynolds, 1961) , (2) simultaneous contrast (Bower, 1961) , (3) successive contrast (Elliot, 1928) , and (4) anticipatory contrast (Flaherty and Checke, 1982) . Behavioral contrast usually involves operant conditioning with multiple-schedules of reinforcement, being expressed as an inverse relationship between the rate of responding to a given component relative to the rate of reinforcement in the subsequent component. Simultaneous contrast is typically revealed by providing two different levels of reward regularly alternated within each daily session. For instance, consumption of 4% sucrose is reduced when offered in alternation with 32% sucrose relative to consumption of 4% sucrose offered in alternation with 4% sucrose (Flaherty and Largen, 1975) . Successive contrast involves changes in behavior previously maintained by a constant reward by modifying either the level or the nature of the reward. For instance, rats trained to run in a straight alleyway for food up to an asymptotic level of performance decrease their running speeds when a smaller amount of food is subsequently offered (Crespi, 1942) ; evidence indicates that emotional responses such as frustration and/or anxiety, possibly induced by unfulfilled expectations of receiving the same reward previously obtained in the same context, permeate this effect. Increases in circulating corticosterone Mitchell and Flaherty, 1998) and attenuation of the successive contrast effect by anxiolytic drugs (Flaherty et al., 1980 lend support to this view (see . Negative anticipatory contrast (NAC) refers to a reduction of responses towards a low-valued substance when it is successively followed by a high-valued substance presented in close temporal proximity, as compared to responses towards a low-valued substance successively followed by the same lowvalued substance. For instance, rats exposed to a 0.15% saccharin solution daily followed by a 32% sucrose solution suppress their saccharin intake when compared to control rats that receive 0.15% saccharin followed by 0.15% saccharin; these latter rats exhibit a typical increase in consumption of the first solution as a function of daily pairings (Flaherty and Checke, 1982; .
Evidence indicates that these different types of contrast effects involve distinct psychological Gómez and Escarabajal, 2009 ) and neurobiological (Leszczuk and Flaherty, 2000; Reilly and Pritchard, 1996; Reilly et al., 2004; Schroy et al., 2005) processes.
The processes underlying NAC are not entirely clear. Flaherty and Rowan (1985) proposed that the animal learns to anticipate the impending and preferred second solution daily, when exposed to the first solution and the context of its presentation (see also Lucas and Timberlake, 1992) . Then the value of the current solution is compared to the representation of the second impending solution, leading to either (1) a relative devaluation of the first solution, (2) an inhibition of the consumption response to the first solution, or (3) a response competition, i.e., the production of responses that compete with the consumption of the first solution Flaherty and Rowan, 1985; Flaherty et al., 1995) .
The notion that the animal daily anticipates the preferred impending reward emerged from the observation that the NAC is sensitive to the delay for presentation of the second solution relative to the presentation of the first solution (Flaherty and Checke, 1982) . Since the contrast effect diminishes as the time interval between the first and the second solutions increases, for instance, from 1 to 30 min, it seems reasonable to assume that the contrast effect is under control of an anterograde, but not a retrograde, comparison between them. In other words, if the animal compared the first (0.15% saccharin) solution with the memory for the second (32% sucrose) solution received in the previous day, small changes in the time interval between the first and the second solutions within the same day should have a small impact on the NAC; however, as seen above, this was not the case (Flaherty and Checke, 1982) favoring the anticipatory interpretation.
Congruently, Flaherty and Rowan (1985) showed that the NAC also occurs in a within-subjects arrangement in which the same subject was exposed to a sequence of saccharin and saccharin as the first and second solutions within a given day and to saccharin and sucrose in the following day, repeating this alternation along a number of days. The rationale for this experiment was as it follows. If the NAC was based on the memory of the sucrose received in the previous day, saccharin intake would be suppressed in days of saccharin followed by saccharin offer. By contrast, if NAC was controlled by the anticipation of the impending preferred solution, the saccharin intake would be suppressed in days of saccharin followed by sucrose offer. This experimental arrangement revealed that intake suppression for the first solution occurs only on days in which saccharin precedes sucrose, suggesting that NAC results from a within-day anticipation of the preferred solution rather than the memory for the reward received as the second solution the day before.
Therefore, the available evidence renders plausible the interpretation that when exposed to the first solution, the animal anticipates the impending preferred second solution and compares this latter representation with the presently offered solution, thus suppressing its consumption (Flaherty and Rowan, 1985) . Later studies investigating psychological (Flaherty and Grigson, 1988; Flaherty and Mitchell, 1999; Flaherty et al., 1994 Flaherty et al., , 1995 Lucas and Timberlake, 1992; Lucas et al., 1988 Lucas et al., , 1990 Weatherly et al., 2005 Weatherly et al., , 2006a Williams and McDevitt, 2001) , neurobiological (Kesner and Gilbert, 2007; Leszczuk and Flaherty, 2000; Liang et al., 2009; Reilly and Pritchard, 1996; Reilly et al., 2004; Schroy et al., 2005) and pharmacological (Flaherty et al., , 1994 Taha et al., 2006) aspects of the NAC effect did not confronted that explanation. Not surprisingly, the notion that the NAC effect relies on an anterograde comparison between the current and the incoming rewards remains influential (e.g., see Grigson, 2000 Grigson, , 2008 Kesner and Gilbert, 2007; Reilly et al., 2004; Schroy et al., 2005) .
If this interpretation is correct, one should expect that devaluation of the preferred solution after the NAC establishment, for instance by its pairing with LiCl-induced malaise, should either reduce or abolish the contrast effect. In other words because the contrast of the current first solution with the representation of the impending second solution would be smaller after devaluation, this comparison would reduce the NAC. The present study evaluated these ideas using a within-subjects arrangement (see Flaherty and Rowan, 1985) where the same subject was exposed to both the pairing of saccharin with saccharin in a day and the pairing of saccharin with sucrose in the following day, along a number of days; the type of pairing occurring in a given day was signalized by contextual cues. Subsequent testing sessions maintained the contextual cues associated with each type of pairing but eliminated alternation, allowing evaluation as to which extent the discriminative stimuli were capable of signaling the type of pairing occurring in each session. This contributed for analysis of testing results involving post-devaluation sessions when alternation was eliminated.
Contrary to that prediction, however, the present study showed that the NAC was insensitive to changes in the value of the second solution, suggesting that the current interpretation for the NAC effect requires reevaluation.
Materials and methods

Subjects
Twenty-one, 90-day-old, male Wistar rats were purchased from the School of Medicine at the University of São Paulo. They were housed together in Plexiglas standard animal cages (up to three rats per cage) in the animal facility under a 12 h light:12 h dark (LD) cycle (lights on at 0700 h). Temperature was held at 21 ± 2 • C. Water was provided ad libitum.
A food restriction schedule started three days before the beginning of training was maintained until the end of the experiment. The rats had free access to food (Nuvilab) for a time period of 3 h, starting 30 min after the end of each daily training session; during the remaining time no food was available in the cages. This procedure guaranteed that the subjects were maintained at about 85% of the weight usually observed in corresponding animals with free access to food.
All procedures and animal care complied with the guidelines from the Laboratory for Neuroscience and Behavior of the Biosciences Institute at the University of São Paulo, which conforms to national and international standards and policies.
Apparati
The training apparati for the NAC task consisted of white Plexiglas chambers measuring 27 cm × 34 cm × 30 cm, covered by white lids. Two holes in the frontal wall, 7 cm above the chamber floor and 15 cm apart from each other, allowed us to insert stainless steel drinking tubes containing either 0.15% saccharin or 32% sucrose solution inside the chamber. The chamber floor was made of stainless steel rods measuring 0.32 cm in diameter and 1.5 cm away from each other.
When the rat licked the drinking tube, it established an electric contact with the floor chamber. This allowed a recording of the number of licks by way of an interface connecting this system to a microcomputer. Plexiglas inserts measuring 26.5 cm × 30 cm either (1) entirely black or (2) entirely white with black geometric figures on them, could be inserted on the internal lateral walls of the chamber thus providing visual discriminative cues that indicated each training condition (see below). Six identical chambers were used simultaneously thus allowing us to train and record up to six rats in parallel.
The cages used for sucrose devaluation consisted of standard mice cages measuring 20 cm × 30 cm × 13 cm, adapted with a stainless steel floor similar to that of the training chamber. Either 0.15% saccharin or 32% sucrose solutions were offered to the animals by way of stainless steel drinking tubes. Similarly to the training chamber, when the rat licked the drinking tube it established an electric contact with the floor that allowed us to record the number of licks. Six identical cages were used to train up to six rats simultaneously.
Behavioral procedures
2.3.1. NAC training Phase 1. The rats were exposed to 0.15% saccharin followed by 0.15% saccharin (.15-.15 condition) in a day and to 0.15% saccharin followed by 32% sucrose (.15-32 condition) in the following day; this schedule repeated along 28 days. The time interval between solution exposures within a given day was 15 s. Plexiglas inserts introduced on the lateral walls of the chambers indicated each of these conditions. That is, while half of the rats were exposed to the .15-.15 condition in association with black lateral walls and to the .15-32 condition in association with white lateral walls with black geometric figures, the other half was exposed to the inverse arrangement, in a counterbalanced schedule.
The animals were transported to the experimental room daily and placed into the training chamber. The first drinking tube was then introduced into the right hole of the chamber, and remained available for a 3-min recording starting from the first lick. At the end of this time period the drinking tube was withdrawn. Fifteen seconds later, the second drinking tube was introduced into the left hole of the chamber, and remained available for a 5-min recording from the first lick. A microcomputer connected to the drinking tube by way of an interface allowed to record the number of licks for each tube. At the end of the session the animals were removed from the chamber and returned to their home cages.
Phase 2. Two days after the end of Phase 1, the subjects were exposed to eight additional training days; instead of presenting each condition in alternate days, the experimental conditions were presented in a quasi-random schedule, thus allowing us to evaluate the impact of an unpredictable sequence of conditions on the NAC effect. Note, however, that the associations between visual discriminative cues (Plexiglas inserts) and training conditions of Phase 1 were maintained for each subject. The sequence of conditions tested in Phase 2 was as follows. Session (1) .15-32, (2) .15-32, (3) .15-.15, (4) .15-.15, (5) .15-.15, (6) .15-32, (7) . 15-32, and (8) .15-.15.
Sucrose devaluation
The rats were transported daily to the experimental room and placed into the devaluation cages. A drinking tube containing either 0.15% saccharin or 32% sucrose solution was introduced into the cage, and remained available for 15 min, recorded from the first lick. Each of these solutions was offered every other day for the course of six days; therefore, there were three exposures to each solution. Immediately after each of the 15-min sucrose exposures, 10 subjects received an i.p. injection of LiCl (0.3 M; 0.4 ml/100 g body weigh) (sucrose-LiCl treatment); 11 subjects received an i.p. injection of saline (0.4 ml/100 g body weigh) (sucrose-saline treatment). The saccharin solution was never paired with any injection. However, because the experiments involved a within-subjects schedule for condition, data referring to saccharin consumption by subjects injected with LiCl were referred to as saccharin-"LiCl". Similarly, data referring to saccharin consumption by subjects injected with saline were referred to as saccharin-"saline". The number of licks on each drinking tube in each session was recorded.
Post-devaluation NAC test
The procedures used in the post-devaluation NAC test were the same as those used in Phase 1 of the NAC training. Twentyfour hours after the last devaluation session, the subjects were exposed to the .15-.15 condition (post-devaluation Day 1) and to the .15-32 condition in the following day (post-devaluation Day 2). The corresponding visual discriminative cues (Plexiglas inserts) used in association with these experimental conditions along the NAC training were also used in these post-devaluation testing days.
Data analysis
The number of licks in the NAC training was submitted to a repeated measures analysis of variance (ANOVA) having Conditions (.15-.15 and .15-32) and Sessions as the within-subjects factors; separated ANOVAs were run for analyzing data of each training Phase. The number of licks in the sucrose devaluation sessions was submitted to a repeated measures analysis of variance (ANOVA) having Treatment (LiCl and saline) as the between-subjects factor, and Solutions (0.15% saccharin and 32% sucrose) and Sessions (three devaluation sessions) as within-subjects factors. The number of licks in the post-devaluation NAC test was submitted to a repeated measures analysis of variance (ANOVA) having Treatment (LiCl and saline) as the between-subjects factor, and Conditions (.15-.15 and .15-32) as the within-subjects factor. Post hoc comparisons, when required, involved the Student-Newman-Keuls test. Differences were considered significant when the P-values were less than 0.05. Fig. 1 shows the mean number of licks to the first (Fig. 1A) and second (Fig. 1B) drinking tubes over the 14 sessions of training in each condition of Phase 1 (note that Phase 1 included 28 days of training in a within-subjects schedule, with an alternation between the .15-.15 and the .15-32 conditions).
Results
NAC training -Phase 1
The ANOVA for the number of licks to the first tube (0.15% saccharin in both conditions) revealed significant Condition (F (1,20) = 10.09; P = 0.005) and Session (F (13,260) = 3.03; P = 0.0004) main effects, and a significant Condition × Session interaction effect (F (13,260) = 9.50; P < 0.0001). As expected, the NAC effect appeared along sessions (Fig. 1A) ; that is, when exposed to the .15-32 condition the subjects suppressed the consumption of saccharin relative to that seen in the .15-.15 condition (Fig. 1A) . A post hoc analysis revealed that the number of licks to the first tube by the subjects of the .15-32 group was significantly smaller from session 10 to 14 when compared to the corresponding parameter of the .15-.15 subjects (Fig. 1A) . The opposite was observed in the third session, i.e., the number of licks to the first tube by the subjects of the .15-32 group was greater than the corresponding parameter of the .15-.15 group (Fig. 1A) (the Newman-Keuls test just failed to reach significance, P = 0.08).
The ANOVA for the number of licks to the second tube revealed significant Condition (F (1,20) = 299.81; P < 0.0001) and Session (F (13,260) = 2.00; P = 0.02) main effects, and a significant Condition × Session interaction effect (F (13,260) = 4.51; P < 0.0001). As expected, when exposed to a drinking tube offering sucrose as the second solution, the subjects exhibited a substantially greater number of licks compared to that seen to the drinking tube offering saccharin as a second solution (Fig. 1B) . These figures indicate that the subjects exhibited a marked preference for the sucrose solution early in training and that this preference gets stronger as the training proceeds. Fig. 2 shows the mean number of licks to the first ( Fig. 2A) and second ( Fig. 2B) drinking tubes, when the subjects were exposed to the .15-.15 and .15-32 training conditions in a quasi-random unpredictable schedule; data include all Phase 2 training sessions, separated by condition. Note that in training Phase 2 the subjects were exposed to either the .15-.15 condition or the .15-32 condition in a non-alternate schedule, thus allowing us to evaluate the impact of an unpredictable sequence of conditions on the NAC effect.
NAC training -Phase 2
The ANOVA for the number of licks to the first tube having Condition and Session as the within-subjects factors revealed a significant main Condition effect (F (1,20) = 11.62; P = 0.003), a non-significant main Session effect (F (3,60) = 2.30; P = 0.09) and a non-significant Condition × Session interaction effect (F (3,60) = 1.10; P = 0.36). Fig. 2A shows the maintenance of the NAC effect despite the temporal unpredictability of the condition to be tested, indicating that the subjects relied on the visual discriminative cues (Plexiglas inserts) to identify that day's condition, and thus suppress consumption of 0.15% saccharin when followed by 32% sucrose.
The ANOVA for the number of licks to the second tube revealed a significant main Condition effect (F (1,20) = 190.63; P < 0.0001), a non-significant main Session effect (F (3,60) = 1.08; P = 0.37) and a non-significant Condition × Session interaction effect (F (3,60) = 1.64; P = 0.19), indicating, again, the marked preference of the subjects for the 32% sucrose solution (Fig. 2B) . Fig. 3 shows the mean number of licks to saccharin and sucrose tubes along the sessions of sucrose devaluation by its pairing with LiCl administration (note that saccharin was never paired with any injection). The ANOVA revealed significant Treatment × Solution (F (1,19) = 10.05; P = 0.005), Treatment × Session (F (2,38) = 7.15; P = 0.002) and Treatment × Solution × Session (F (2,38) = 13.23; P < 0.0001) interaction effects. The Newman-Keuls tests revealed that while subjects exposed to sucrose-saline pairings did not alter their sucrose consumption along sessions (P > 0.05) (Fig. 3 , sucrose-saline), subjects exposed to sucrose-LiCl pairings consistently decreased sucrose consumption along sessions (P < 0.001) (Fig. 3, sucrose-LiCl) ; the number of licks to the sucrose tube by these latter subjects in session 3 was significantly smaller when compared to that seen for subjects exposed to sucrose-saline pairings (P = 0.004) (Fig. 3 , compare data of sucrose-LiCl and sucrose-saline subjects on session 3), indicating that sucrose devaluation was effective. Post hoc tests also revealed that the number of licks to the saccharin tube did not significantly differ among treatments and sessions, independently on the injection received in association with sucrose (P > 0.05) (Fig. 3 , compare data of saccharin-"LiCl" and saccharin-"saline" subjects); therefore, subjects exposed to sucrose-LiCl pairings did not alter their consumption of saccharin. Finally, the number of licks to the sucrose tube on session 3 by subjects injected with LiCl did not significantly differ from that seen with the saccharin tube, independently of the Treatment (P > 0.05) (Fig. 3 , compare data of sucrose-LiCl, saccharin-"LiCl" and saccharin-"saline" subjects on session 3).
Sucrose devaluation
Together, these results clearly indicate the specific and effective devaluation of the sucrose solution. Fig. 4 shows the mean number of licks to the first (Fig. 4A) and second (Fig. 4B ) tubes during the post-devaluation NAC test, when the subjects were exposed to the .15-.15 and .15-32 conditions, taking into account the subjects Treatment, i.e., their exposure, during the sucrose devaluation phase, to either sucrose-LiCl or sucrose-saline pairings.
Post-sucrose-devaluation NAC test
The ANOVA for the number of licks to the first tube revealed a significant main Condition effect (F (1,19) = 5.25; P = 0.03), and non-significant Treatment (F (1,19) = 0.28; P = 0.60) and Condition × Treatment interaction (F (1,19) = 0.26; P = 0.62) effects (Fig. 4A) . Together, these results indicate that the NAC effect was maintained despite the sucrose devaluation induced by its pairing with LiCl.
The ANOVA for the number of licks to the second tube revealed significant main Condition (F (1,19) = 73.37; P < 0.0001) and Treatment (F (1,19) = 14.54; P = 0.001) effects, and a significant Condition × Treatment interaction effect (F (1,19) = 29.21; P < 0.0001). The post hoc Newman-Keuls test revealed, as expected, that sucrose intake was significantly smaller for subjects exposed to sucrose-LiCl pairings compared to subjects exposed to sucrose-saline pairings (P < 0.001) (Fig. 4B) , confirming that the devaluation procedure adopted in the present study was effective. In addition, the post hoc test also revealed lack of significant differences for saccharin intake after Treatments with either LiCl or saline (P > 0.05) (Fig. 4B) , indicating that the devaluation procedure did not interfere with saccharin consumption. Finally, while subjects exposed to sucrose-LiCl pairings exhibited a number of licks to the sucrose tube that did not differ significantly to that seen for the saccharin tube (P = 0.09) (Fig. 4B) , subjects exposed to sucrose-saline pairings exhibited, as expected, a greater number of licks to the sucrose tube compared to that seen for the saccharin tube (P < 0.0001) (Fig. 4B) , revealing the expected preference, by these latter subjects, for the sucrose solution. Fig. 4 . Mean (±SE) number of licks on (A) the first (0.15% saccharin) and (B) second (either 0.15% saccharin or 32% sucrose) drinking tubes, during the post-devaluation NAC test, when the subjects were exposed to the .15-.15 and .15-32 conditions, taking into account the treatments (LiCl or saline).
Discussion
The present results revealed, as expected, a within-subjects NAC effect. In addition, results showed that sucrose devaluation did not alter the NAC effect.
Rats exposed to both (1) 0.15% saccharin followed by 32% sucrose and (2) 0.15% saccharin followed by 0.15% saccharin, in alternate days, such that each of these conditions was associated with distinctive visual cues, significantly reduced saccharin intake on the first tube along sessions on days involving saccharin followed by sucrose offer relative to days involving saccharin followed by saccharin offer (Fig. 1A) . This effect seems to be related to the marked subjects' preference for the sucrose solution (Figs. 1B and 2B ). In addition, this effect seems independent of the presentation of each of these conditions in alternate days, as revealed by the results of Training Phase 2, showing that it was maintained despite the presentation of these conditions in a nonalternate unpredictable schedule, being each condition identified only by the visual discriminative cues (Fig. 2A) .
Similar experimental arrangement and results led Flaherty and Rowan (1985) to postulate that the animal does not compare the current first solution with the memory of the second solution received the day before, but instead that it anticipates the preferred impending solution daily and compares this representation with the current first solution, thus reducing consumption of this latter solution. In favor of this interpretation, Flaherty and Checke (1982) reported that the NAC is sensitive to variations in time interval between the offer of the first and the second solutions, diminishing when the time interval increases from 1 to 30 min. This phenomenon led the authors to the conclusion that the NAC effect depends on an anterograde, but not a retrograde, comparison.
A logical prediction of this view is that selective devaluation of the preferred sucrose solution should either decrease or abolish the NAC acquired previously because after devaluation the subject would compare the current first, saccharin, solution with the updated, devalued, representation of the second, sucrose, solution.
Contrary to this prediction, however, the present study showed that effective devaluation of the preferred, sucrose, solution by its pairing with LiCl-induced malaise (Fig. 3 ) did not interfere with the NAC effect relative to that seen in animals not exposed to sucrose devaluation (Fig. 4) . Therefore, in contrast with the currently influential notion, the NAC effect seems not to be a result of the anterograde comparison of the first solution with the representation of the impending second solution, in a within-day basis.
The NAC effect builds up gradually along several days of training (see Fig. 1A ). We propose that the NAC effect relies on the memory of the relative value of the first solution, set up along the subject's experience in the task, with particular importance of the last pairing. That is, at the end of each session, after the subject experienced the solutions paired that day in the corresponding context, their relative values are adjusted after processing by a gustatory and/or post-ingestive comparison mechanism. Therefore, as the subject accumulates experience along training, the relative value of the first solution is updated taking into account the outcome of the comparison mechanism and the memory of past pairings. The discriminative contextual cues (in the present case, the Plexiglas inserts) contribute for retrieval of the updated memory for the relative value of the first solution of a given pairing, which, in turn, determines its consumption.
According to this hypothesis, because the first pairing of saccharin and devalued sucrose occurred in the post-sucrose-devaluation NAC test, these subjects did not have a prior opportunity to update the relative value of saccharin after sucrose devaluation. Therefore, during testing these animals evoked the relative value of saccharin as acquired previously to the sucrose devaluation, which led to the maintenance of the contrast effect; additional post-devaluation testing sessions would be required to reveal the sucrose devaluation effect.
In addition to explaining the present results, this hypothesis does not conflict with the results reported by Flaherty and Checke (1982) showing that an increase in the time interval between the first and the second solutions disturbs the NAC effect. That is, if exposure to the first solution leads the animal to evoke a memory for its relative value, which is continuously updated along successive pairings with the second solution, then increments in time interval between saccharin and sucrose presentations should reduce the gustatory and/or post-ingestive comparison of these solutions, thus reducing the NAC effect.
Alternatively, it could be argued that because sucrose-LiCl pairings occurred in a context different from that used in the NAC test, this could have restricted the impact of the sucrose devaluation on the NAC effect. In other words, transfer of sucrose devaluation from the devaluation cage to the contrast training apparatus could have been limited thus explaining the lack of change in the NAC effect. However, results of the post-sucrose-devaluation test clearly showed that this was not the case because sucrose consumption in the contrast training apparatus by subjects exposed to sucrose-LiCl pairings was significantly smaller when compared to that seen for subjects exposed to sucrose-saline pairings (Fig. 4B ). In addition, sucrose consumption after the devaluation procedure was equivalent to that seen for saccharin, both in the devaluation cage (Fig. 3 ) and in the contrast training apparatus (Fig. 4B) . Together, this evidence allowed us to exclude the possibility that subjects exposed to sucrose-LiCl pairings exhibited any kind of difficulty to transfer the novel sucrose, devalued, value to the training context. In addition, these results allow us to conclude that neither the training context nor the saccharin itself was devalued by the sucrose-LiCl pairing.
There have been reports that reward devaluation by malaise induction diminishes the effectiveness of the CS associated with it on appetitive and consummatory behaviors. For instance, consumption of a non-devalued reward is also reduced when presented associated with a CS previously paired with a reward subjected to devaluation (Galarce et al., 2007) . Admitting that similar phenomena occur in the present experimental design, one could argue that the contextual cues that signalized the .15-32 condition have induced suppression of consumption of the first solution during testing because they were associated with sucrose, which was subsequently devalued. However, if this rational was applicable to the present experiments, one should never obtain the NAC effect. That is, if the contextual cues that signaled the .15-32 condition had the ability to modulate consumption of the first solution given its Pavlovian association with the second, preferred, solution, an induction effect should be observed along training rather than a contrast effect. This, however, did not occur.
An alternative hypothesis is that the cues that signaled the .15-32 condition have elicited an affective or motivational state after the sucrose devaluation that promoted a general suppression of consumption in that condition during testing, thus leading to reduction of saccharin consumption. However, if this was the case, one should observe an additional reduction of saccharin consumption relative to the pre-devaluation phase. This, however, also did not occur. Williams (2002) defended that NAC procedures involve two opposing and competing processes: (1) a Pavlovian association learning that generates an "induction effect", i.e., an increased response to the first component of the pair, and (2) a comparison between the first and the impending component of the pair, that generates the "negative contrast effect", leading to suppression of response to the first component. Williams and McDevitt (2001) gathered evidence in favor of these opposing and competing processes by training pigeons with two chains of components, A1-A2-X and B1-B2-Y, in a multiple schedule of reinforcement.
Shortly, responding during either A1 or B1 led to the next stage involving either A2 or B2 respectively, which provided identical reinforcements. Then, while responding to A2 was followed by an extinction period (X), responding to B2 was followed by a higher rate of reinforcement (Y). The Pavlovian associations involving both A2 and X, and B2 and Y, were reduced by the addition of a prior and better predictive component, the initial-link stimuli A1 and B1, rendering A2 and B2 redundant predictors. Thus, while the Pavlovian contingency should be more evident in the first component of the chain, the comparison process should be more evident in the second component. The authors observed that response rate to A2 was greater than that seen to B2, thus revealing the contrast effect. Similarly, upon presentation of A2 and B2 simultaneously, the subjects preferred A2. An induction effect emerged in the first component of the chain, since the response rate to B1 was greater than that seen to A1. Similarly, B1 was preferred over A1. The results suggested that while a comparison process seems dominant when the contrast effect emerges (in the second component of the chain), Pavlovian contingency seems dominant when the induction effect emerges (in the first component of the chain). The authors concluded that "contrast effect involves a comparison of the reinforcement rates in the target components with the reinforcement rates in their respective following components and. . .this comparison is independent of the Pavlovian contingency and competes with the Pavlovian contingency for expression in the different measures of behavior" (p. 303). Also, they concluded that the comparison process and the Pavlovian contingency "make independent contributions to stimulus value" (p. 303); while the contribution of predictive effects of Pavlovian contingency to the stimulus value is reflected in the preference and higher response rate to B1 over A1 (the induction effect), the contribution of the comparison process to the stimulus value is reflected by the preference and higher response rate to A2 over B2 (the contrast effect).
These opposing processes were also revealed in Weatherly's et al. (2006c) study. These authors observed that although rats decreased their consumption of a less-valued substance (1% sucrose) when it predicted access to a high-valued substance (32% sucrose), this 1% sucrose could became a higher-valued reinforcer for a new response in a subsequent test relative to the control condition involving 1% sucrose followed by 1% sucrose (see Weatherly et al., 2004) . In other words, the NAC was maintained despite the increase in the reinforcing value of the initial, less-valued substance. These apparently conflicting results seem to have occurred because comparison processes and Pavlovian contingencies were not addressed separately in the behavioral procedure employed in this latter study; different roles played by the same stimulus were expressed by way of different behavioral measures. That is, in Weatherly's et al. (2006c) study the first less-valued substance (1% sucrose) both allowed prediction of the second impending substance (Pavlovian contingency) and was compared to the second substance (comparison process, i.e., anticipatory contrast). Therefore, it acted both as a predictor and as a "comparing stimulus". As a predictor of the impending high-valued substance, its value increased rendering it a stronger conditioned reinforcer; as a "comparing stimulus" its value decreased promoting the NAC effect. Williams (2002) suggested that the comparison process involves predictiveness. In his words, ". . . there are two separate types of predictiveness: that which produces a direct association with the following conditions of reinforcement and that which provides a discriminative cue for the following schedule, allowing it to be compared with the schedule in progress." (p. 9).
The results of the present study are congruent with Williams and McDevitt's (2001) proposal that a "comparison process" controls the NAC effect. On the other hand, conflicting with Williams' (2002) suggestion, they indicate that the comparison process causing the NAC effect is not predictive in nature. If a predictive relationship between the first and the second solutions were determinant to the NAC effect, the prediction of the impending devalued substance should have changed the contrast effect, which did not occurred. Thus, the present results do not support interpretations assuming that the NAC effect depends on an anterograde comparison mechanism. A rather more parsimonious hypothesis is that gustatory and/or post-ingestive comparison of the two substances experienced in temporal proximity allows adjustment of the relative value of the first substance. Then, memory of the relative value of the first solution, updated in the last pairing and evoked by the present contextual discriminative cues, leads to reduced intake of the first solution, and thus to the NAC effect.
There have been reports that paired presentations of low-and high-valued substances not necessarily induce the NAC effect; one may also observe an increase in the rate of behavior towards the low-valued substance, i.e., the induction effect, depending on experimental procedures. While presentation of the first and second substances in the same spatial location favors expression of the induction effect, their presentation in separate locations favors expression of the contrast effect (Flaherty et al., 1995 Weatherly et al., 2005 Weatherly et al., , 2006a . When both substances are delivered in the same spatial location the similarity between stimuli would be greater improving the effect of Pavlovian contingency (Rescorla and Furrow, 1977) , and thus favoring expression of the induction effect.
Data of the present study revealed both a preponderance of an "induction effect" early in training (Fig. 1A , Sessions 2 and 3) and a preponderance of a "negative contrast effect" late in training (Fig. 1A, Sessions 10-14) ; in addition, there seems to be an intermediate training phase in which both the "induction effect" and the "negative contrast effect" oppose to each other, without preponderance of any of them (Fig. 1A, Sessions 4-9) .
Together, the present results lend support to the notion that a Pavlovian association process prevailed early in training and that as training proceeded, there was both accumulation of information about prior associations and memory of the updated relative value of the first solution by means of a comparison mechanism. This later process then competes with, and finally surpasses, the induction effect thus contributing to the appearance of the NAC effect.
This interpretation is consistent with data from neurobiological studies involving lesioned animals. Departing from the assumption that the nucleus accumbens (NAcc) is involved in generation of expectancies about rewards (e.g., Kelley, 1999; Mizumori et al., 1999) , Leszczuk and Flaherty (2000) hypothesized that anticipation of the impending substance and thus the anterograde comparison, would be impaired following damage to the NAcc, with consequent reduction of the NAC effect. However, these authors did not find any change in the NAC effect in rats subjected to damage to the NAcc. On the other hand, damage to the gustatory thalamus (GT) promoted expression of an induction effect rather than a contrast effect in rats exposed to training in NAC procedures involving either 0-s or 5-min inter-solution intervals (Reilly and Pritchard, 1996; Reilly et al., 2004 ; see also Schroy et al., 2005) . The authors hypothesized that lesion to the GT would impair the ability to compare hedonic values relying on gustatory and/or post-ingestive effects of the solutions, and discarded possible "gustatory memory" effects since there was no difference between subjects exposed to 0-s and 5-min inter-solution intervals. In the lack of a comparison mechanism competing with the Pavlovian contingency, the emergence of the induction effect in the lesioned subjects is not surprising, and also indicates that the Pavlovian component underlying the NAC procedure was not impaired. Congruent with this interpretation, damage to the GT does not interfere with a number of behavioral procedures involving Pavlovian associations, including conditioned taste aversion and conditioned taste preference (Flynn et al., 1991; Grigson et al., 2000; Reilly and Pritchard, 1996; Reilly et al., 2003; Scalera et al., 1997) .
In conclusion, our results support the view that the NAC effect is not under control of the anticipation of the impending second solution and its comparison with the current first solution. The data reported in this study suggest that the NAC effect relies on the memory of the relative value of the first solution, which is updated daily by means of both a gustatory and/or post-ingestive comparison of the first and second solutions, and memory of past pairings.
